Differential equations were introduced to analyze the acoustic wave fronts in the atmosphere. The wave fronts were found to make an ellipsoid whose major principal axis tilts at an angle of about 45 ø to the leeward. Utilizing this result, a radio acoustic sounding system (RASS) was used to measure the temperature and wind profiles to heights of over 23 km even under strong wind conditions. The profiles agree with those obtained from a radiosonde and a Doppler radar. The discrepancies are only about 0.5 øC in the air temperature and 1 m/s in the wind speed. The experiments show that the analytical result of the acoustic wave fronts is effective not only in the troposphere but also in the stratosphere. The analysis also shows quantitatively that acoustic waves propagate over the horizon to leeward.
INTRODUCTION
A radio acoustic sounding system (RASS), comprising a Doppler radar and an acoustic transmitter, has been developed to profile the air temperature from the Doppler frequency of radar echoes partially reflected under Bragg conditions on the acoustic wave fronts, by using the dependence of acoustic speed on temperature. With a conventional RASS, the air-temperature profiles have only been measured up to heights of 3.2 km under light wind conditions, • because the acoustic wave front has been regarded as a spherical surface, and it is difficult to receive the echo from the surface drifting with the wind.
To measure the temperature and wind profiles up to heights of 20 km or more, even under strong wind conditions, the acoustic wave front in the atmosphere is analyzed by introducing the differential equations. These differential equations are solved by considering the refraction and bending of an acoustic wave ray caused by both the temperature gradient and the wind shear. By transmitting the radio wave from the radar so that the radar beam can intersect the acoustic wave front perpendicularly, the predicted profiles have been measured.
The analysis of the acoustic wave front in the atmosphere also quantitatively explains acoustic wave propagation for extraordinarily long distances over the horizon. This has been a riddle since the 16th century.
I. ACOUSTIC WAVE FRONTS IN THE ATMOSPHERE
In most cases where the vertical component of wind velocity can be ignored, the equations of motion of an acoustic wave front in the atmosphere are derived as follows (refer to 
• = s cos 0 cos •p,
where Jc, p, and $ are the time differentials of variables x, y, and z. The x axis is parallel to the wind velocity, the y axis is vertical, and the x, y, and z axes complete a right-handed rectangular coordinate system. Here, 0, •v are the polar angles, s is the acoustic speed, and v is the wind speed. Integrating Eqs. be average values during the measurement time 6t. Then, during 6t, according to the definition of the x axis, v can be dealt with as a function solely ofy. The speed s is a function of the air temperature T, which is usually regarded as constant on a horizontal plane in the same way that the wind speed v is regarded as constant. Thus the speed s can also be dealt with as a function solely ofy during 6t.
Deriving higher-order differentials of Eqs. 
where S=So--s'y,
V=Vo + v'y, 
v '--Ov (10) 
where
• = y/sot,
.
• =Z/Sot.
Equation ( Table I .
In the experiments, RASS echoes were always received from just the limited areas that contained Ps whose range and direction were equal to the values calculated by the method in Sec. I. In Sec. III, the example of the RASS echo profile is given, and the temperature profile is compared with that obtained with a radiosonde. The method for deducing temperature and wind profiles from a RASS echo profile is also shown in the following section.
III. DERIVATION OF TEMPERATURE AND WIND PROFILES
In general, the acoustic speed in the atmosphere is ex- The wind speed is calculated with Eq. (26), the acoustic speed is calculated with Eq. (27), and the temperature is calculated with Eq. (23). Figure 6 shows the wind profile calculated with Eq. (26) and the wind profile measured with the MU radar.
IV. CONCLUSION
The acoustic wave front in the atmosphere was analyzed. In the exceptional case of no wind shear, it is approximated by a sphere whose center is underground. In the normal case where there is not only temperature gradient but also wind shear, the acoustic wave front is approximated by the ellipsoid whose principal axis tilts about 45 ø to the wind vector and whose center is also underground. This result is confirmed by the RASS experiment that succeeded in profiling the atmospheric temperature up to the heights of 23 km even under strong wind conditions. By utilizing the result, a conventional RASS can be converted into a system that can measure the atmospheric temperature and wind in the troposphere and stratosphere in the same way that the conventional system composed of a radiometer and a Doppler radar can. It is also noticeable that the RASS can measure the profiles automatically and continuously, unlike the radiosonde commonly used at present. But the experiments showed that further study is necessary to deduce the wind profile from the RASS echoes, especially in the stratosphere, where receiving conventional radar echoes is difficult, so they cannot be used to confirm the wind speed deduced from the RASS echoes. 
